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(54) Apparatus for producing hydrogen 

(57) An apparatus for producing hydrogen by a 
steam reforming reaction, on a catalyst, of a hydrocar- 
bon or an oxygen-containing hydrocarbon as a raw 
material is disclosed. The apparatus comprises a hydro- 
gen separation type reformer which has a means for 
heating the catalyst and which has a hydrogen separa- 
tion membrane built into a layer of the catalyst for selec- 



tively separating hydrogen; a cooling means for cooling 
high temperature high purity hydrogen obtained from 
the reformer; and a hydrogen charge/discharge means 
disposed downstream from the cooling means and 
composed of a hydrogen storage material. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001] The present invention relates to an appara- 
tus for producing hydrogen by a steam reforming reac- 
tion using a hydrocarbon or an oxygen-containing 
hydrocarbon as a raw material. 10 

2. Description of the Related Art 

[0002] A conventional apparatus for producing 
hydrogen with the use of a hydrogen separation type 75 
reformer is proposed, for example, in Japanese Unex- 
amined Patent Publication No. 4-325402. 
Disclosed in this proposal is an apparatus for producing 
hydrogen for a fuel ceil with the use of a hydrogen sep- 
aration type reformer from which hydrogen is withdrawn 20 
by a pressure reducing means. The concept of constitu- 
tion of this apparatus Is illustrated in FIG. 9. 
[0003] As shown in FIG. 9, a hydrogen separation 
membrane 02 and a catalyst 08 are provided in a hydro- 
gen separation type reformer 01. A gas as a raw mate^ 
rial (hereinafter referred to as a raw material gas) 06 
and steam 07 are fed to the hydrogen separation type 
reformer 01, where a reforming reaction takes place. 
Hydrogen formed by the reforming reaction is separated 
by the separation membrane 02. On a hydrogen perme- 30 
ation side 03 where the separated hydrogen permeates, 
a pressure reducing device 04 is provided to recover 
high purity hydrogen 05. 

[0004] With the hydrogen separation type reformer 
01 , the raw material gas 06 comprising a hydrocarbon 35 
or an oxygen -containing hydrocarbon such as methane 
or methanol is introduced, and reformed on the catalyst 
08 by a steam reforming reaction and a CO shift reac- 
tion to form hydrogen and carbon dioxide mainly. The 
hydrogen is selectively separated, for recovery, by the ao 
hydrogen separation membrane 02 built into the cata- 
lyst 08. As the hydrogen separation membrane 02, a 
non-porous thin film with a thickness as small as about 
several to 50 urn, which comprises a hydrogen-permea- 
ble metal film of Pd or Pd alloy, is used, as shown in Jap- as 
anese Unexamined Patent Publication No. 6-321503. 
As the catalyst 08, a catalyst containing a group VI It 
metal (Fe, Co, Ni, Ru, Rh, Pd or Pt) is preferred, and a 
catalyst bearing Ni, Ru or Rh or an NiO-containing cat- 
alyst is particularly preferred. so 
[0005] A perspective sectional view of the structure 
of a typical hydrogen separation type reformer is shown 
in FIG. 7, and a cross sectional view of the structure is 
shown in FIG. 8. As shown in these drawings, a hydro- 
gen separation type reformer 10 has an outer cylinder 55 
14 with a closed bottom 12, and an intermediate cylin- 
der 16 and an inner cylinder 18 disposed in this order 
inwardly of the outer cylinder 14. The outer cylinder 14, 



the intermediate cylinder 16. and the inner cylinder 18 
are formed upright. At an upper part of a second annu- 
lar space portion 26 between the intermediate cylinder 
16 and the inner cylinder 18, a preliminary reforming 
portion 25 is provided. Below the preliminary reforming 
portion 25, a plurality of hydrogen permeable pipes 34 
having a metal film selectively permeable to hydrogen 
are disposed concentrically with the second annular 
space portion 26. 

[0006] A burner 46 burns a fuel gas, which has 
been introduced through a fuel gas pipe 48, with air 
taken In through an air Intake pipe 50 to supply thermal 
energy necessary for a steam reforming reaction to the 
second annular space portion 26 filled with a reforming 
catalyst A, thereby keeping the catalyst at a predeter- 
mined temperature. The fuel gas passes through an 
Inner tube hollow portion 22, a space between the bot- 
tom 12 of the outer cylinder 14 and an annular bottom 
portion 24, and a first annular space portion 20, and 
goes outside through a combustion gas outlet 52. Dur- 
ing this motion, the fuel gas heats a layer of the catalyst 
fitted into the second annular space portion 26. 
[0007] A process feed gas comprising a gas mix- 
ture of steam and a raw material gas composed of a 
hydrocarbon or an oxygen-containing hydrocarbon, 
such as methane or methanol, is introduced through a 
feed gas inlet 54 provided at an upper part of the sec- 
ond annular space portion 26. The process feed gas is 
partially converted into hydrogen at the preliminary 
reforming portion 25, and flowed into the layer of the 
catalyst filled into the second annular space portion 26, 
whereby the process feed gas is converted into hydro- 
gen at a high temperature. The resulting hydrogen is 
selectively separated and collected by the hydrogen 
permeable pipes 34, passed through a third space por- 
tion 33, and flowed out through a hydrogen outlet 56 
provided above the third space portion 33. The unre- 
ached raw material gas and the resulting CO and C0 2 
gases, which have passed through the catalyst layer, 
flow through an off-gas pipe 60 having an opening at a 
lower part of the second annular space portion 26, and 
flow out of the system through an off-gas outlet 62. 
[0008] With the foregoing conventional apparatus, 
the resulting hydrogen is withdrawn from the hydrogen 
separation type reformer 10 by a pressure reducing 
device. As is welt known, a hydrogen separation mem- 
brane gives a necessary amount of hydrogen with high 
efficiency, accordingly, with a small membrane area, if 
the pressure of the hydrogen permeation side is mini- 
mized. Thus, a highly efficient pressure reducing device 
has been required. A vacuum pump or the tike is con- 
ceivable as a pressure reducing device. However, such 
a rotary device has difficulty in efficiently delivering a 
light gas, such as hydrogen, thus requiring a high 
power. Furthermore, the aforementioned Japanese 
Unexamined Patent Publication No. 4-325402 does not 
propose a concrete apparatus layout including a pres- 
sure reducing device, and cannot actualize a feasible 
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apparatus. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been accom- 
plished in tight of these circumstances. It is an object of 
this Invention to actualize such a concrete and feasible 
apparatus layout involving a pressure reducing device 
and provide an apparatus for producing hydrogen with 
the use a hydrogen separation type reformer, the appa- 
ratus having a minimal area required, and having 
Improved durability while using a pressure reducing 
device. 

[0010] A first aspect of the present invention, as a 
means of attaining the above object, is an apparatus for 
producing hydrogen by a steam reforming reaction, on a 
catalyst, of a hydrocarbon or an oxygen-containing 
hydrocarbon as a raw material, the apparatus compris- 
ing a hydrogen separation type reformer which has a 
means for heating the catalyst and which has a hydro- 
gen separation membrane built into a layer of the cata- 
lyst for selectively separating hydrogen, a cooling 
means for cooling high temperature high purity hydro- 
gen obtained from the reformer, and a hydrogen 
charge/discharge means disposed downstream from 
the cooling means and composed of a hydrogen stor- 
age material. 

[001 1 ] According to the first aspect of the invention, 
the following actions and effects are exhibited: 
[0012] The high temperature high purity hydrogen 
that has been separated from the reformer is once 
cooled by the cooler, the indirect heat exchanger, to a 
temperature at which hydrogen is easily charged into 
the hydrogen storage material. Then, the cooled hydro- 
gen is fed to the hydrogen storage material. As a result, 
the hydrogen charging rate and the amount of hydrogen 
charged are increased, and hydrogen can be withdrawn 
from the reformer at a lower pressure than the atmos- 
pheric pressure. Thus, the membrane area of the hydro- 
gen separation can be decreased. Moreover, a required 
power can be decreased markedly in comparison with 
the power required for the use of a vacuum pump. 
[0013] When hydrogen charged in the hydrogen 
storage material is to be delivered, the temperature of 
the hydrogen storage material is set at an appropriate 
level, whereby high pressure hydrogen can be obtained. 
Thus, a hydrogen compression power necessary when 
a compressor is used can be cut down markedly. 
[001 4] A second aspect of the invention is the appa- 
ratus for producing hydrogen as the first aspect of the 
invention, wherein the cooling means for cooling the 
high temperature high purity hydrogen comprises an 
indirect heat exchanger. 

[001 5] According to the second aspect of the inven- 
tion, the sensible heat of the high temperature high 
purity hydrogen can be utilized for heating of the raw 
material gas and steam. Thus, the energy efficiency of 
the apparatus can be increased. 



[0016] A third aspect of the invention is the appara- 
tus for producing hydrogen as the first or second aspect 
of the invention, wherein a fluid for cooling the high tem- 
perature high purity hydrogen via the indirect heat 
5 exchanger is one or both of a raw material gas and com- 
bustion air to be fed to the hydrogen separation type 
reformer. As the raw material gas, a mixture of a hydro- 
carbon or an oxygen-containing hydrocarbon can be 
named. 

w [0017] According to the third aspect of the inven- 
tion, it becomes unnecessary to use cooling water, sep- 
arately, for heat exchange. Also, preheating increases 
the reforming efficiency, and can improve the thermal 
efficiency of the entire apparatus. 

is [0018] A fourth aspect of the invention is the appa- 
ratus for producing hydrogen as any one of the first to 
third aspects of the invention, wherein a fluid for cooling 
the high temperature high purity hydrogen via the indi- 
rect heat exchanger is one or both of air or cooling 

20 water. 

[0019] According to the fourth aspect of the inven- 
tion, the sensible heat of the high temperature high 
purity hydrogen can be recovered and utilized. 
[0020] A fifth aspect of the invention is the appara- 

25 tus for producing hydrogen as any one of the first to 
fourth aspects of the invention, wherein the hydrogen 
charge/discharge means composed of the hydrogen 
storage material comprises at least two members of a 
hydrogen storing alloy incorporating a heating/cooling 

30 means. 

[0021] According to the fifth aspect of the invention, 
efficient occlusion of hydrogen can be performed. 
[0022] A sixth aspect of the invention is the appara- 
tus for producing hydrogen as the fifth aspect of the 

35 invention, wherein a fluid for cooling the high tempera- 
ture high purity hydrogen via the indirect heat 
exchanger is cooling water, and hot water heated by 
heat exchange performed by the heat exchanger is 
used for heating of a hydrogen discharge means in the 

40 hydrogen charge/discharge means composed of the 
hydrogen storage material. 

[0023] According to the sixth aspect of the inven- 
tion, cooling water used to cool high temperature high 
purity hydrogen is utilized for heating the hydrogen stor- 
es age material. Thus, effective use of heat can be 
achieved. 

[0024] A seventh aspect of the invention is the 
apparatus for producing hydrogen as any one of the first 
to sixth aspects of the invention, wherein a pressure 

so regulating means is interposed between the cooling 
means for cooling the high temperature high purity 
hydrogen and the hydrogen charge/discharge means 
disposed downstream from the cooling means and 
composed of the hydrogen storage material, to regulate 

55 the pressure of the high purity hydrogen to be fed to the 
hydrogen charge/discharge means. 
[0025] According to the seventh aspect of the 
invention, the pressure regulator is installed between 
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the hydrogen storage material and the cooling means. 
This prevents a rapid decrease in pressure on the 
hydrogen permeation side of the hydrogen separation 
membrane, thus improving the durability of the hydro- 
gen separation membrane. Moreover, a rapid rise In the 5 
temperature of the hydrogen storage material associ- 
ated with its hydrogen charge can also be prevented. 
Thermal shock to the hydrogen storage material can be 
lessened. Furthermore, changes over time in the 
amount of hydrogen production from the apparatus for 70 
producing hydrogen can be minimized and leveled off. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The above and other objects, features and 75 
advantages of the present invention will become more 
apparent from the following description taken in connec- 
tion with the accompanying drawings, in which: 

FIG. t is a schematic view of a first embodiment of 20 
the present invention; 

FIG. 2 Is a schematic view of a second embodiment 
of the invention; 

FIG. 3 is a schematic view of a third embodiment of 
the invention; 25 
FIG. 4 is a schematic view of a fourth embodiment 
of the invention; 

FIG. 5 is a schematic view of a fifth embodiment of 
the invention; 

FIG. 6 is a graph of changes in the pressure of low 30 
temperature high purity hydrogen during hydrogen 
occlusion; 

FIG. 7 is a perspective sectional view of an appara- 
tus for producing hydrogen; 

FIG. 8 is a schematic cross sectional view of the 35 
apparatus for producing hydrogen shown in FIG. 7; 
and 

FIG. 9 is a schematic view of a conventional appa- 
ratus for producing hydrogen. 

40 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Embodiments of the present invention will 
now be described in detail with reference to the accom- 45 
panying drawings, which in no way limit the invention. 

[First Embodiment] 

[0026] FIG. 1 is a schematic view of an apparatus so 
layout for implementing the present invention. As shown 
in FIG. 1, an apparatus for producing hydrogen accord- 
ing to the present embodiment is an apparatus for pro- 
ducing hydrogen by a steam reforming reaction, on a 
catalyst, of a hydrocarbon or an oxygen-containing 55 
hydrocarbon as a raw material, the apparatus compris- 
ing a hydrogen separation type reformer 1 00 which has 
a means for heating the catalyst and which has a hydro- 



gen separation membrane built into a layer of the cata- 
lyst for selectively separating hydrogen, a cooler 106 for 
cooling high temperature high purity hydrogen obtained 
from the reformer 100, and a hydrogen charge/dis- 
charge means 108 disposed downstream from the 
cooler 1 06 and composed of a hydrogen storage mate- 
rial. 

[0029] The hydrogen separation type reformer 
(hereinafter referred to as "reformer") 100 may be, but 
not restricted to, one having a structure as shown in 
FIGS. 7 and 8. In the following description, the same ref- 
erence numerals as used In the apparatus shown in 
FIGS. 7 and 8 will be used, and overlapping explana- 
tions of the constitution of the apparatus will be omitted. 
[0030] The reformer 100 is supplied with a raw 
material gas 101 , which comprises a hydrocarbon or an 
oxygen-containing hydrocarbon such as methane or 
methanol, and steam 102. These materials are 
reformed mainly by a steam reforming reaction to form 
a mixed gas mainly composed of hydrogen, carbon 
monoxide and carbon dioxide. Hydrogen in this gas is 
selectively separated, and withdrawn from the reformer 
100 as high temperature (400 to 550°C) high purity 
hydrogen 103. The residual gas after separation of 
hydrogen is taken out of the reformer 100 as an off-gas 
104. The off-gas 104 is fed to a combustion side of the 
reformer 1 00, mixed with combustion air 1 05 in a burner 
of the reformer 100 (the burner 46 of the reformer 
shown in FIG. 7), and then subjected to combustion. 
Alternatively, the off-gas 104 may be mixed with a por- 
tion 101a of the raw material gas 101 supplied, and then 
may be used as fuel. 

[0031] The high temperature high purity hydrogen 
103 separated from the reformer 100 is cooled by the 
cooler 106 to become low temperature (30 to 200°C) 
high purity hydrogen 1 07. This hydrogen 1 07 is stored 
in the hydrogen charge/discharge means 108 com- 
posed of a hydrogen storage material, and delivered 
from the hydrogen charge/discharge means 108 as high 
pressure hydrogen (2 atm or higher) 109. The low tem- 
perature high purity hydrogen 107 contains trace 
amounts of impurities such as carbon dioxide and car- 
bon monoxide. Therefore, the low temperature high 
purity hydrogen 1 07 during charge or discharge is inter- 
mittently sent to the reformer 100 as purge hydrogen 
1 10a for use as part of fuel. When the low temperature 
high purity hydrogen 1 07 is not sent to the reformer 1 00, 
it is purged out of the system as low purity hydrogen 
110b. 

[0032] In the cooler 1 06 of the present First Embod- 
iment, a gas mixture ill of the raw material gas 101 and 
steam 1 02 is heat exchanged with the high temperature 
high purity hydrogen 103 indirectly, and thereby pre- 
heated. The preheated gas mixture 1 1 1 is supplied to 
the reformer 100. 

[0033] The hydrogen storage material of the hydro- 
gen charge/discharge means 1 08 for carrying out the 
invention may be any material, without being restricted 
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to the one disclosed in the embodiment, as long as it 
selectively stores hydrogen from the mixed gas contain- 
ing hydrogen, and releases the stored hydrogen upon 
heating. As a practical hydrogen storage material, a 
hydrogen storing alloy Is known. Its examples are rare 
earth metal-Ni alloys such as LaNi 5 , misch metal alloys, 
titanium -zirconium alloys such as TiFe, Mg alloys such 
as Mg 2 Ni, V alloys, and calcium alloys such as CaNi 5 . In 
the invention, the hydrogen storage material is not 
restricted to these alloys. Storage materials which store 
hydrogen, such as those composed of a carbon n a no- 
tube, are also usable. 

[0034] As the indirect type heat exchanger for the 
cooler 106, an ordinary shell & tube type heat 
exchanger or an ordinary piate type heat exchanger can 
be used. Any type of heat exchanger, which can per- 
form cooling without direct contact with the high temper- 
ature high purity hydrogen 103, can be used without its 
embodiment being restricted. 

[0035] According to the present embodiment, the 
high temperature (400 to 550°C) high purity hydrogen . 
103 that has been separated from the reformer 100 Is 
once cooled by the cooler 106, the indirect heat 
exchanger, to a temperature of about 30 to 200°C at 
which hydrogen is easily stored in the hydrogen storage 
material. Then, the cooled hydrogen is fed to the hydro- 
gen charge/discharge means 108, the hydrogen stor- 
age material. As a result, the hydrogen charging rate 
and the amount of hydrogen charged can be increased. 
Also, hydrogen can be withdrawn from the reformer 100 
at a lower pressure than the atmospheric pressure. 
Thus, the membrane area of the hydrogen separation 
membrane of the reformer 100 can be decreased. 
Moreover, a required power for the withdrawal of hydro- 
gen can be decreased markedly in comparison with the 
power required when a vacuum pump is used. 
[0036] When hydrogen charged in the hydrogen 
storage material is to be discharged, the temperature of 
the hydrogen charge/discharge means 1 08, the hydro- 
gen storage material, is set at an appropriate level (e.g., 
about 80°C), whereby hydrogen released at a high 
pressure can be obtained. Thus, a hydrogen compres- 
sion power necessary when a compressor is used can 
be cut down markedly. 

[0037] Besides, the sensible heat of the high tem- 
perature high purity hydrogen 103 reformed by the 
reformer 100 can be utilized for heating of the raw mate- 
rial gas and steam in the cooler 1 06. Thus, the energy 
efficiency of the entire apparatus can be increased. 

[Second Embodiment] 

[0038] FIG. 2 is a schematic view of an apparatus 
layout for a second embodiment of the present inven- 
tion. 

[0039] According to the First Embodiment, the gas 
mixture 111 of the raw material gas 101 and steam 102 
is fed to the cooler 106 for heat exchange, in order to uti- 



lize the sensible heat of the high temperature high purity 
hydrogen 103. In the present embodiment, on the other 
hand, combustion air 105 is supplied as shown in FIG. 
2. 

5 [0040] As the aforementioned cooler 106, an indi- 
rect type heat exchanger, for example, can be used. In 
the case of FIG. 2, heat exchange between the combus- 
tion air 105 and high temperature high purity hydrogen 
1 03 takes place to cool the hydrogen, making it low tem- 

w perature high purity hydrogen 1 07. Heated combustion 
air 1 05a after heating by heat exchange, on the other 
hand, is fed to a burner of a reformer 1 00 (the burner 46 
of the reformer illustrated in FIG. 7). 
[0041] In the embodiment shown in FIG. 2, as indi- 

is cated above, the combustion air 1 05 is indirectly heat 
exchanged with the high temperature high purity hydro- 
gen 103, and thereby preheated. The preheated com- 
bustion air is fed to the reformer 100, whereby the 
energy efficiency of the entire apparatus can be 

20 increased. 

[Third Embodiment] 

[0042] FIG. 3 shows a third embodiment of the 
25 invention. According to this embodiment, air or cooling 
water is fed to a cooler 1 06 as a low temperature fluid 
120a, which is heat exchanged with high temperature 
high purity hydrogen 1 03 to obtain low temperature high 
purity hydrogen 107. A low temperature fluid 120b after 
30 heat exchange is discharged out of the system, and uti- 
lized as other heat source. 

[Fourth Embodiment] 

35 [0043] FIG. 4 shows a fourth embodiment of the 
invention. According to this embodiment, a hydrogen 
charge/discharge means is composed of two members, 
a hydrogen storage material 1 08 A and a hydrogen stor- 
age material 108B. In FIG. 4, the hydrogen storage 

40 material 108A is defined as a hydrogen charge side, 
while a hydrogen storage material 1 08B is defined as a 
hydrogen discharge side. 

[0044] In the hydrogen storage material 108A on 
the hydrogen charge side, low temperature high purity 

45 hydrogen 1 07 is flowed, and cooling water 1 21 a is sup- 
plied to cool the entire hydrogen storage material 108A. 
By this measure, hydrogen is efficiently stored and 
charged. Also, low purity hydrogen 1 1 0b is intermittently 
purged, or sent to a reformer 1 00 as purge hydrogen 

so 110a. 

[0045] In the hydrogen storage material 108B on 
the hydrogen discharge side, on the other hand, the low 
temperature hydrogen 107 is not flowed. However, sep- 
arately fed high temperature water (50 to 100°C) 122a 
55 heats the entire alloy to release hydrogen stored in the 
hydrogen storing alloy, and the hydrogen is delivered 
out of the system as high pressure hydrogen 109. 
[0046] In the hydrogen storage material 108A on 
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the hydrogen supply side, at a time when hydrogen has 
been stored up to a set value for the amount of charge 
in the hydrogen storage material, the supply of the low 
temperature high purity hydrogen 107 and the supply of 
the cooling water 121 a are stopped. Instead, high tern- 5 
pe nature water 122b is flowed to liberate high pressure 
hydrogen 109. 

[0047] At the same time, in the hydrogen storage 
material 106B on the hydrogen release side, the supply 
of the high temperature water 122a and the release of io 
the high pressure hydrogen 109 are stopped. With cool- 
ing water 121b being flowed, low temperature high 
purity hydrogen 107 is supplied to have hydrogen 
stored. 

[0048] By repeating the above procedures alter- is 
nately, high pressure hydrogen 109 is delivered. On this 
occasion, low purity hydrogen 110c present in the 
hydrogen storage material 108B on the hydrogen deliv- 
ery side can be discharged intermittently. 
[0049] As the high temperature water 122a, 122b 20 
fed for hydrogen release, it is permissible to use waste 
heat of cooling water 123 that has been fed to a cooler 

106 for cooling high temperature high purity hydrogen 
103, in order to utilize the thermal energy within the 
apparatus efficiently. 2$ 
[0050] According to the present embodiment, the 
waste heat of the cooling water 123 used for cooling of 

the high temperature high purity hydrogen 103 is uti- 
lized for heating of the hydrogen storage material 108B 
on the hydrogen delivery side, whereby effective use of 30 
heat can be achieved. 

[Fifth Embodiment] 

[0051] FIG. 5 shows a fifth embodiment of the 35 
invention. According to this embodiment, a pressure 
regulator 130 for low temperature high purity hydrogen 

107 is installed between a cooler 106 and a hydrogen 
charge/discharge means 108. As the pressure regulator 
130, an ordinary valve can be used, and a valve involv- 40 
ing a decreased loss in pressure is preferred. High 
purity hydrogen 131 after pressure regulation is fed to 
the hydrogen charge/discharge means 1 08. 

[0052] According to the present embodiment, the 
pressure regulator 130 is installed between the hydro- 45 
gen charge/discharge means 108 and the cooler 106. 
As a result, a buffer zone is farmed for preventing a 
rapid pressure drop on the hydrogen permeation side of 
a hydrogen separation membrane inside a reformer 
1 00. Consequently, the durability of the hydrogen sepa- so 
ration membrane can be improved. Moreover, a rapid 
rise in the temperature of the hydrogen charge/dis- 
charge means 10B associated with its hydrogen charge 
can also be prevented. Thermal shock to the hydrogen . 
charge/discharge means 108 can be cushioned. Fur- 55 
thermore, changes overtime in the amount of hydrogen 
production from the apparatus for producing hydrogen 
can be minimized and leveled off. After all, well bal- 



anced hydrogen production can be performed. 
[Examples] 

[0053] The present invention will be described In 
further detail with reference to Examples, which are not 
limitative of the Invention. 

Example 1 

[0054] A first example of the invention will be 
explained based on the apparatus layout shown in FIG. 
3. A hydrogen separation type reformer 100 had the 
structure shown in FIGS. 7 and 8, as with the preceding 
Embodiments. A heat exchanger, a cooler 106, was of a 
plate fin type, and used cooling water as a low tempera- 
ture fluid 120a to cool high temperature high purity 
hydrogen 103. A hydrogen storage material of a hydro- 
gen charge/discharge means 1 08 was composed of two 
members of a hydrogen storing alloy of LaNi 5 . 
[0055] Hydrogen was produced under the following 
concrete conditions in accordance with the flow shown 
in FIG. 3. 

(1 ) Hydrogen separation type reformer (1 00) 
Q) Main constitution 

[0056] The catalyst of the reformer 1 00 was an NiO 
catalyst in particle form, and the hydrogen separation 
membrane was made of a Pd alloy. The membrane area 
was 0.68 m 2 . 

@ Operating conditions 

[0057] The reaction temperature of the reformer 
was 550°C, and the reaction pressure was 6 atm. Meth- 
ane was used as the raw material gas. The reformer 
was run, with the flow rate of the raw material gas being 
1.5 m 3 N/h and the steam-carbon ratio being 3. 

(2) Cooler (106) 

[0058] The heat exchanger, the cooler 106, was of 
a plate fin type, and used cooling water as a cooling 
medium. The inlet temperature of cooling water was 
25°C ( and the outlet temperature of cooling water was 
80°C. The inlet temperature of the high temperature 
high purity hydrogen 103 fed to the cooler 106 was 
450°C, and the outlet temperature of low temperature 
high purity hydrogen 107 after heat exchange was 
40°C. 

(3) Hydrogen charge/discharge means (1 0B) 

[0059] . The hydrogen storage material, the hydro- 
gen charge/discharge means 108, was composed of 
two members of an LaNi 5 alloy. The inlet temperature of 
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cooling water during occlusion by the hydrogen storing 
alloy was 30°C, while the inlet temperature of cooling 
water during release of hydrogen was 80°C. The 
occluding capacity of the hydrogen storing alloy was 4 
m 3 N/member. 

(4) Amount of hydrogen production 

[0060] The amount of hydrogen production through 
the use of the hydrogen storing alloy as In the present 
Example was 3.0 m 3 N/h. Whereas the amount of 
hydrogen production without the use of the hydrogen 
storing alloy in the present Example was about a half, 
i.e., 1.5 m 3 N/h. 

(5) Power for hydrogen supply 

[0061] In the present Example, the power required 
for supply of 3.0 m 3 N/h of hydrogen at 6 atm by the 
hydrogen storing alloy was about 0,05 kW. Whereas the 
power required for compression of 3.0 m 3 N/h of hydro- 
gen from 1 atm to 6 atm by a compressor was about 0.9 
kW. 

Example 2 

[0062] A second example of the invention will be 
explained based on the apparatus layout shown in FIG. 
3. 

(1) Hydrogen separation type reformer (100) 

[0063] The constitution and operating conditions 
were the same as in Example 1 . 

(2) Cooler (106) 

[0064] The same constitution and operating condi- 
tions as in Example 1 were adopted, except that the out- 
let temperature of low temperature high purity hydrogen 
1 07 in the cooler 1 06 was 80°C. 

(3) Hydrogen storing alloy 

[0065] The same constitution and operating condi- 
tions as in Example 1 were adopted. 

(4) Amount of hydrogen production 

[0066] When the high purity hydrogen outlet tem- 
perature was 40°C as in Example 1, the amount of 
hydrogen production was 3.0 m 3 N/h. When the high 
purity hydrogen outlet temperature was 80°C, on the 
other hand, the amount of hydrogen production was 2.0 
m 3 N/h. 



Example^ 

[0067] A third example of the invention will be 
explained based on the apparatus layout shown in FIG. 
5 5. 

[0068] A hydrogen separation type reformer 1 00, a 
cooler 106, and a hydrogen charge/discharge means 
108 had the same constitutions as In Example 1. A 
pressure regulator 130 comprises a pressure regulating 

w valve, and mitigates a rapid pressure fall at the start of 
hydrogen occlusion by the hydrogen charge/discharge 
means 108. Thus, the pressure regulator 130 curbs a 
rapid pressure change of low temperature high purity 
hydrogen 1 07 flowing out of the cooler 106. 

15 [0069] Hydrogen was produced under the following 
concrete conditions: 

[0070] The constitutions and operating conditions 
of the hydrogen separation type reformer 100, cooler 
106, and hydrogen charge/discharge means 108 were 

20 the same as in Example 1 . 

[0071] FIG. 6 shows changes in the pressure of low 
temperature high purity hydrogen during hydrogen 
occlusion. Regulation of the pressure results in the mit- 
igation of a rapid pressure drop occurring at the start of 

25 occlusion. - - 

[0072] The amount of hydrogen production was 3.5 
m 3 N/h when the pressure regulator 1 30 was installed. 
Whereas the amount of hydrogen production was 3.0 
m 3 N/h when the pressure regulator was not used. 

30 [0073] The entire disclosure of Japanese Patent 
Application No. 11 -16241 6 filed on June 9, 1999, includ- 
ing specification, claims, drawings and summary, is 
incorporated herein by reference in its entirety. 

35 Claims 

1. An apparatus for producing hydrogen by a steam 
reforming reaction, on a catalyst, of a hydrocarbon 
or an oxygen-containing hydrocarbon as a raw 

40 material, comprising: 

a hydrogen separation type reformer which has 
a means for heating the catalyst and which has 
a hydrogen separation membrane built into a 
45 layer of the catalyst for selectively separating 

hydrogen; 

a cooling means for cooling high temperature 
high purity hydrogen obtained from the 
reformer; and 

so a hydrogen charge/discharge means disposed 

downstream from the cooling means and com- 
posed of a hydrogen storage material. 

2. The apparatus for producing hydrogen as claimed 
55 in claim 1 ( wherein: 

the cooling means for cooling the high temper- 
ature high purity hydrogen comprises an indi- 
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rect heat exchanger. 

The apparatus for producing hydrogen as claimed 
in claim 1 or 2, wherein: 

5 

a fluid for cooling the high temperature high 
purity hydrogen via the indirect heat exchanger 
is one or both of a raw material gas and com- 
bustion air to be fed to the hydrogen separation 
type reformer. io 

The apparatus for producing hydrogen as claimed 
in any one of claims 1 to 3, wherein: 

a fluid for cooling the high temperature high is 
purity hydrogen via the indirect heat exchanger 
Is one or both of air or cooling water. 

The apparatus for producing hydrogen as claimed 
in any one of claims 1 to 4, wherein: 20 

the hydrogen charge/discharge means com- 
posed of the hydrogen storage material com- 
prises at least two members of a hydrogen 
storing alloy incorporating a heating/cooling 25 
means. 

The apparatus for producing hydrogen as claimed 
in claim 5, wherein: 

30 

a fluid for cooling the high temperature high 
purity hydrogen via the indirect heat exchanger 
is cooling water; and 

hot water heated by heat exchange performed 
by the heat exchanger is used for heating of a 35 
hydrogen delivery means in the hydrogen 
charge/discharge means composed of the 
hydrogen storage material. 

The apparatus for producing hydrogen as claimed 40 
in any one of claims 1 to 6, wherein: 

a pressure regulating means is interposed 
between the cooling means for cooling the high 
temperature high purity hydrogen and the 45 
hydrogen charge/discharge means disposed 
downstream from the cooling means and com- 
posed of the hydrogen storage material, to reg- 
ulate the pressure of the high purity hydrogen 
to be fed to the hydrogen charge/discharge so ■ 
means. 
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FIG. 8 
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